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POLYMERIC COMPOSITION CORROSION UNmBITORS 
This invention relates to a polymeric composition that inhibits corrosion 
. during the polymeric composition's processing and/or after fabricating the polymeric 
composition into an article of manufacture. The polymeric composition is useful for 
preparing wires, cables, coatings, foams, molded articles, fikns, fibers, adhesives, 
5 sealants, sheets, gaskets, hoses, automobile parts and trim, footwear, pipe insulation, 
furniture, toys, sporting goods, and thermoplastic vulcanizates. The invention also 
relates to a moisture-crosslinkable polymeric composition that is useful for low to 
high voltage wire-and-cable applications. 

DESCRIPTION OF THE PRIOR ART 
10 Corrosion is an electrochemical process, which results in converting a metal 

from its elemental state to a combined state. A basic corrosion reaction involves the 
oxidation of a metal when it is exposed to an acid. The corrosion of metal equipment, 
while it is exposed to an acidic silanol condensation catalyst, exemplifies this basic 
corrosion reaction when the equipment is used to process a moisture-crosslinkable 
15 polymeric composition. 

The corrosion of metal equipment has limited the implementation of various 
technologies involving polymeric composition containing corrosive reagents. 
Similarly, corrosive environm^ts have limited the use of polymeric articles in end- 
use applications. 

20 PCT Application Serial No. WO 95/17463 discloses a crosslinkable polymer 

composition containing a crosslinkable polymer witiht hydrolysable silane groups and a 
substituted-aromatic sulfonic-acidic silanol condensation catalyst. While WO 
95/17463 teaches that the crosslinkable polymer composition may further contain 
conventional silanol condensation catalysts, it does identify any components to inhibit 

25 corrosion caused by the substituted-aromatic-sulfonic-acidic silanol condensation 
catalyst or corrosion reagents generally. Moreover, WO 95/17463 does not teach any 
corrosion inhibitors that also allow the substituted-aromatic-sulfonic-acidic silanol 
condensation catalyst to retain its catalytic performance or acid catalysts generally to 
retain their catalytic performance. 

30 PCT Application Serial Nos. WO 02/12354 and WO 02/12355 disclose 

svdfonic acid catalysts for crosslinking polyethylene. Specifically, WO 02/12354 
discloses alkylaryl and arylaklyl monosulfonic acid catalysts while WO 02/12355 
discloses alkylated aryl disulfonic acid catalysts. Nei^er patent application teaches 
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any component to inhibit corrosion caused by the disclosed sulfonic acid catalysts or 
by acidic corrosion reagents generally. Moreover, neither teaches any corrosion 
inhibitor that also allows the sulfonic acid catalyst to retain its catalytic performance 
or acid catalysts generally to retain tiieir catalytic performance. 

5 There is a need for a polymeric composition that inhibits corrosion during its 

process and/or after fabricating the polymeric composition into an article of 
manufacture. More specifically, there is a need for a moisture-crosslinkable 
polymeric composition containing an acidic silanol condensation catalyst which may 
be processed in conventional equipment while inhibiting corrosion of the equipment's 

10 metal surfaces. 

DESCRIPTION OF THE INVENTION 
The present invention is a polymeric composition comprising a polymer, a 
cathodic corrosion inhibitor, and an acidic corrosive reagent wherein the cathodic 
corrosion inhibitor inhibits corrosion that the acidic corrosive reagent would cause. 
15 The polymeric composition may fiirttier comprise a blowing agent and/or a second 
corrosion inhibitor. The present invention specifically also includes moisture- 
crosslinkable polymeric compositions. The moisture-crosslinkable compositions can 
be used as a coating and applied over a wire or a cable. 

Fig. 1 shows the corrosion rate in mils per year (MP Y) of a variety of metal 
20 alloy types in an alkyl aromatic sulfonic acid at four temperatures. 

The invented polymeric composition comprises a polymer, a cathodic 
corrosion inhibitor, and an acidic corrosive reagent. 

Suitable polymers include acrylamido polymers, acrylate polymers, carboxylic 
acid polymers, epoxy polymers, methacrylate polymers, olefinic polymers, polyamide 
25 polymers, polycarbonates, polyesters, polyurethanes, polyvinyl chloride polymers, 
polyvinylidene chloride polymers, siloxane polymers, styrenic polymers, 
thermoplastic urethanes, vinyl acetate polymers, and blends thereof. Notably, 
polymers (including copolymers) prepared from one or more of the following 
monomer classes as well as their derivatives are useful in the present invention: 
30 acrylate, methacrylate, acrylamido, styrenic and vinyl acetate monomers. In addition, 
useful polymers can be prepared firom functional monomers such as hydroxyethyl 
acrylate, glycidyl methacrylate, glycidyl acrylate, acrylamide and their derivatives, 
thereby providing crosslinking sites. 
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Moreover, while polyvinyl chloride polymers and polyvinylidene chloride 
polymers are specifically identified herein as useful for the present invention, a person 
of ordinary skill in the art will recognize other halogenated polymers that are useful. 
Those polymers are considered within the scope of the present invention. 
5 A person of ordinary skill in the art can prepare these polymers firom well- 

known polymerization processes. 

Preferentially, the polymer would be an olefinic polymer, a polymer having an 
acid-catalyst reactive functional group attached thereto, or a silane-fimctionalized 
polymer. More preferentially, the polymer would be a silane-functionalized polymer. 
10 Suitable olefinic polymers include polyethylene polymers, polypropylene 

polymers, and blends thereof. 

Polyethylene polymer, as that term is used herein, is a homopolymer of 
ethylene or a copolymer of ethylene and a minor proportion of one or more alpha- 
olefins having 3 to 12 carbon atoms, and preferably 4 to 8 carbon atoms, and, 
15 optionally, a diene, or a mixture or blend of such homopolymers and copolymers. 
The mixture can be a mechanical blend or an in situ blend. Examples of the alpha- 
olefins are propylene, 1-butene, 1-hexene, 4-methyl-l-pentene, and 1-octene. The 
polyethylene can also be a copolymer of ethylene and an xmsaturated ester such as a 
vinyl ester (e.g., vinyl acetate or an acrylic or methacrylic acid ester) or a copolymer 
20 of ethylene and a vinyl silane (e.g., vinyltrimethoxysilane and vinyltriethoxysilane). 
While copolymers of ethylene and a vinyl silane are included here as polyethylene, 
the copolymers are also included below as silane-functionalized polymers. 

The polyethylene can be homogeneous or heterogeneous. The homogeneous 
polyethylenes usually have a polydispersity (Mw/Mn) in the range of 1 .5 to 3.5 and an 
25 essentially uniform comonomer distribution, and are characterized by a single and 
relatively low melting point as measured by a differential scanning calorimeter. The 
heterogeneous polyethylenes usually have a polydispersity (Mw/Mn) greater than 3.5 
and lack a imiform comonomer distribution. Mw is defined as weight average 
molecular weight, and Mn is defined as number average molecular weight. 
30 The polyethylenes can have a density in the range of 0.860 to 0.970 gram per 

cubic centimeter, and preferably have a density in the range of 0.870 to 0.930 gram 
per cubic centimeter. They also can have a melt index ui the range of 0.1 to 50 grams 
per 10 minutes. If the polyethylene is a homopolymer, its melt index is preferably in 
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the range of 0.75 to 3 grams per 10 ixiinutes. Melt index is determined xinder ASTM 
D-1238, Condition E and measured at 190 degrees Celsius and 2160 grams. 

Low- or high-pressure processes can produce the polyethylenes. They can be 
produced in gas phase processes or in liquid phase processes (i.e., solution or slurry 
5 processes) by conventional techniques. Low-pressure processes are typically run at 
pressures below 1000 poxmds per square inch ("psi") whereas high-pressure processes 
are typically run at pressures above 15,000 psi. 

Typical catalyst systems for preparing these polyethylenes include 
magnesium/titanium-based catalyst systems, vanadivim-based catalyst systems, 
10 chromium-based catalyst systems, metallocene catalyst systems, and other transition 
metal catalyst systems. Many of these catalyst system's are often referred to as 
Ziegler-Natta catalyst systems or Phillips catalyst systems. Useful catalyst systems 
include catalysts using chromium or molybdenum oxides on silica-alumina supports. 

Useful polyethylenes include low density homopolymers of ethylene made ^>y 
15 high pressure processes (HP-LDPEs), linear low density polyethylenes (LLDPEs), 
very low density polyethylenes (VLDPEs), ultra low density polyethylenes 
(ULDPEs), medium density polyethylenes (MDPEs), high density polyethylene 
(HDPE), and metallocene copolymers. 

High-pressure processes are typically free radical initiated polymerizations 
20 and conducted in a tubular reactor or a stirred autoclave. In the tubular reactor, the 
pressure is within the range of 25,000 to 45,000 psi and the temperature is in the range 
of 200 to 350 degrees Celsius. In the stirred autoclave, the pressure is in the range of 
10,000 to 30,000 psi and the temperature is in the range of 175 to 250 degrees 
Celsius. 

25 Copolymers comprised of ethylene and unsaturated esters are well known and 

can be prepared by conventional high-pressure techniques. The unsaturated esters can 
be alkyl acrylates, alkyl methacrylates, or vinyl carboxylates. The alkyl groups can 
have 1 to 8 carbon atoms and preferably have 1 to 4 carbon atoms. The carboxylate 
groups can have 2 to 8 carbon atoms and preferably have 2 to 5 carbon atoms. The 

30 portion of the copolymer attributed to the ester comonomer can be in the range of 5 to 
50 percent by weight based on the weight of the copolymer, and is preferably in the 
range of 15 to 40 percent by weight. Examples of the acrylates and methacrylates are 
ethyl acrylate, methyl acrylate, methyl methacrylate, t-butyl acrylate, n-butyl acrylate, 
n-butyl methacrylate, and 2-ethylhexyl acrylate. Examples of the vinyl carboxylates 
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are vinyl acetate, vinyl propionate, and vinyl butanoate. The melt index of the 
ethylene/unsaturated ester copolymers can be in the range of 0.5 to 50 grams per 10 
minutes, and is preferably in the range of 2 to 25 grams per 10 minutes. 

Copolymers of ethylene and vinyl silanes may also be used. Examples of 

5 suitable silanes are vinyltrimethoxysilane and vinyltriethoxysilane. Such polymers 
are typically made using a high-pressure process. Use of such ethylene vinylsilane 
copolymers is desirable when a moisture crossliokable composition is desired. 

The VLDPE or ULDPE can be a copolymer of ethylene and one or more 
alpha-olefins having 3 to 12 carbon atoms and preferably 3 to 8 carbon atoms. The 

10 density of the VLDPE or ULDPE can be in the range of 0.870 to 0.915 gram per 
cubic centimeter. The melt index of the VLDPE or ULDPE can be in the range of 0.1 
to 20 grams per 10 minutes and is preferably in the range of 0.3 to 5 grams per 10 
minutes. The portion of the VLDPE or ULDPE attributed to the comonomer(s), other 
than ethylene, can be in the range of 1 to 49 percent by weight based on the weight of 

15 the copolymer and is preferably in the range of 15 to 40 percent by weight. 

A third comonomer can be included, e.g., another alpha-olefin or a diene such 
as ethylidene norbomene, butadiene, 1,4-hexadiene, or a dicyclopentadiene. 
Ethylene/propylene copolymers are generally referred to as EPRs and 
ethylene/propylene/diene teipolymers are generally referred to as an EPDM. The 

20 third comonomer can be present in an amount of 1 to 15 percent by weight based on 
the weight of the copolymer and is preferably present in an amount of 1 to 10 percent 
by weight It is preferred that the copolymer contains two or three comonomers 
inclusive of ethylene. 

The LLDPE can include VLDPE, ULDPE, and MDPE, which are also linear, 

25 but, generally, has a density in the range of 0.916 to 0.925 gram per cubic centimeter. 
It can be a copolymer of ethylene and one or more alpha-olefins having 3 to 12 carbon 
atoms, and preferably 3 to 8 carbon atoms. The melt index can be in the range of 1 to 
20 grams per 10 nodnutes, and is preferably in the range of 3 to 8 grams per 10 
minutes. 

30 Any polypropylene may be used in these compositions. Examples include 

homopolymers of propylene, copolymers of propylene and other olefins, and 
teipolymers of propylene, ethylene, and dienes (e.g. norbomadiene and decadiene). 
Additionally, the polypropylenes may be dispersed or blended with other polymers 
such as EPR or EPDM. Suitable polypropylenes include TPEs, TPOs and TPVs. 
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Examples of polypropylenes are described in Polypropylene Handbook: 
Polymerization, Characterization, Propertes, Processing, Applications 3- 
14, 113-176 (E. Moore, Jr. ed., 1996). 

Suitable silane-fimctionalized polyolefin polymers include (i) a copolymer of 
5 ethylene and a hydrolyzable silane, (ii) a copolymer of ethylene, a hydrolyzable 
silane, and one or more C3 or higher alpha-olefins and unsaturated esters, (iii) a 
homopolymer of ethylene, having a hydrolyzable silane grafted to its backbone, and 
(iv) a copolymer of ethylene and one or more C3 or higher alpha-olefins and 
xmsaturated esters, having a hydrolyzable silane grafted to its backbone. Vinyl 
10 alkoxysilane is a suitable silane compound for grafting. 

Suitable cathodic corrosion inhibitors include Group TIB metals. Group IIIA 
metals, Group IVA metals. Group VA metals, salts of the preceding metals, and metal 
salts of the acidic corrosive reagent. Preferably, the cathodic corrosion inhibitors are 
selected from the group consisting of antimony, arsenic, zinc, tin, cadmium, salts of 
15 the preceding metals, and metal salts of the acidic corrosive reagent. 

Suitable catiiodic corrosion inhibitor compounds inhibit corrosion during 
processing of the polymeric composition and/or after fabricating the polymeric 
composition into an article of manufacture. Ideally, when the acidic corrosive reagent 
is an acid catalyst, the cathodic corrosion inhibitor inhibits corrosion that the acid 
20 catalyst would cause while the acid catalyst retains its catalytic performance. 

When the polymer is an olefinic polymer and the acidic corrosive reagent is a 
substituted-aromatic-sulfonic-acidic silanol condensation catalyst, the cathodic 
corrosion inhibitor is preferably not a conventional silanol condensation catalyst 
present in an amount greater than 0.78 mmoles/kilogram of the olefinic polymer. 
25 More preferably, the corrosion inhibitor is not a conventional silanol condensation 
catalyst. As described in WO 95/17463, conventional silanol condensation catalysts 
specifically include carboxylic acid salts of the metals tin, zinc, iron, lead, and cobalt. 
For purposes of this patent application, conventional silanol condensation catalysts 
shall also include hydrolysis products of alkyl tin trichlorides, organic bases, 
30 inorganic acids, and organic acids. 

Suitable second corrosion inhibitors include anodic inhibitors, buffers, film 
formers, and blends thereof. Examples of second corrosion inhibitors useful in the 
present invention include amines, hydrazines, borates, carbonates, and thio-esters. 
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The acidic corrosive reagent may be selected from the group consisting of (i) 
direct addition components, (ii) products resulting from a reaction of components 
directly added to the polymeric composition, (iii) products resulting from a reaction of 
a component directly added to the polymeric composition with a reactive species 
5 brought into contact with the component, and (iv) a corrosive species brought into 
contact with the polymeric composition. Preferably, the acidic corrosive reagent is a 
direct addition component 

An example of a direct addition component is an acidic silanol condensation 
catalyst. Suitable acidic silanol condensation catalysts include (a) organic sulfonic 
10 acids and hydrolyzable precursors thereof, (b) organic phosphonic acids and 
hydrolyzable precursors thereof, and (c) halogen acids. Preferably, the acidic silanol 
condensation catalyst is an organic sulfonic acid. More preferably, the acidic silanol 
condensation catalyst is selected from the group consisting of alkylaryl sulfonic acids, 
arylalkyl sulfonic acids, and alkylated aryl disulfonic acids. Even more preferably, 
15 the acidic silanol condensation catalyst is selected from the group consisting of 
substituted benzene sulfonic acids and substituted naphthalene sulfonic acid. Most 
preferably, the acidic silanol condensation catalyst is dodecylbenzyl sulfonic acid or 
dinonylnapthyl sulfonic acid. 

The polymeric composition may further comprise a blowing agent, which may 
20 be added singly or m combination with one or more other blowing agents. The 
amount of blowing agent is generally added in an amount from 0.05 to 5.0 gram 
moles per kilogram pf polymer. Preferably, the amount is from 0.2 to 3.0 gram moles 
per kilogram of polymfer. More preferably, the amount is from 0.5 to 2.5 gram moles 
per kilogram of polymer. 
25 Useful blowing agents include inorganic and organic blowing agents. Suitable 

inorganic blowing agents include carbon dioxide, nitrogen, argon, water, air, sulfur 
hexafluoride (SF6) and helixmi. Suitable organic blowing agents include aliphatic 
hydrocarbons having 1-9 carbon atoms, aliphatic alcohols having 1-3 carbon atoms, 
and fully and partially halogenated aliphatic hydrocarbons having 1-4 carbon atoms. 
30 Aliphatic hydrocarbons include methane, ethane, propane, n-butane, 

isobutane, n-pentane, isopentane, and neopentane. Aliphatic alcohols include 
methanol, ethanol, n-propanol, and isopropanol. Partially and fully halogenated 
aliphatic hydrocarbons include fluorocarbons, chlorocarbons, and 
chlorofluorocarbons. 
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Examples of fluorocarbons include methyl fluoride, perfLuoromethane, efhyl 
fluoride, 1,1-difluoroethane (HFC-152a), fluoroethane (HFC-161), 1,1,1- 
trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,2,2- 
tetrafluoroethane (HFC-134), 1,1,1,3,3-pentafluoropropane, pentafluoroethane (HFC- 

5 125), difluoromethane (HFC-32), perfluoroethane, 2,2-difluoropropane, 1,1,1- 
trifluoropropane, perfluoropropane, dichloropropane, difluoropropane, 
perfluorobutane, and perfluorocyclobutane. Examples of chlorocarbons include 
methyl chloride, methylene chloride, ethyl chloride, and 1,14-trichloroethane. 
Examples of chlorofluorocarbons include trichloromonofluoromethane (CFC-11), 

10 dichlorodifluoromethane (CFC-12), trichlorotrifluoroethane (CFC-113), 
dichlorotetrafluoroethane (CFC- 114), chloroheptafluoropropane, 

dichlorohexafluoropropane, 1,1-dichloro-l fluoroethane (HCFC-141b), l-chloro-1,1- 
difluoroethane (HCFC-142b), chlorodifluoromethane (HCFC-22), l,l-dichloro-2,2,2- 
trifluoroethane (HCFC-123) and l-chloro-l,2,2,2-tetrafluoroethane (HCFC-124). 

15 Other suitable blowing agents include azodicarbonamide, azodiisobutyro- 

nitrile, barium azodicarboxylate, N,N*-dimethyl-N,N-dinitrosoterephthalamide, 
benzenesulfonhydrazide, 4,4-oxybenzene sulfonyl semicarbazide, p-toluene sulfonyl 
semicarbazide, trihydrazino triazine, and mixtures of citric acid and sodium 
bicarbonate. 

20 In addition, the composition may contain other additives such as antioxidants, 

lubricants, anti-blocking agents, catalysts, processing aids, brominated flame 
retardants, nanofiUers, clays, calcium carbonate, carbon black, 
siloxanes/silicones/silanes, magnesium hydroxide, aluminum trihydroxide, and 
colorants. 

25 In a preferred embodiment, the present invention is a polymeric composition 

comprising (a) a silane-fimctionalized polymer selected from the group consisting of 
(i) a copolymer of ethylene and a hydrolyzable silane, (ii) a copolymer of ethylene, a 
hydrolyzable silane, and one or more C3 or higher alpha-olefins and unsaturated 
esters, (iii) a homopolymer of ethylene, having a hydrolyzable silane grafted to its 

30 backbone, and (iv) a copolymer of ethylene and one or more C3 or higher alpha- 
olefins and unsaturated esters, having a hydrolyzable silane grafted to its backbone; 
(b) an acidic silanol condensation catalyst selected from tiie group consisting of 
alkylaryl sulfonic acids, arylalkyl sulfonic acids, and alkylated aryl disutfonic acids, 
wherein the polymer composition is moisture-crosslinkable; and (c) a cathodic 
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corrosion inhibitor selected from the group consisting of antimony, arsenic, zinc, tin, 
cadmium, salts of the preceding metals, and metal salts of the acidic silanol 
condensation catalyst In this preferred embodiment, the cathodic corrosion inhibitor 
is preferably not a conventional silanol condensation catalysts present in an amount 
5 greater than 0.78 mmoles/kilogram of the silane-functionalized polymer. 

In another embodiment, the invention is a polymeric composition comprising 
a polymer having an acid-catalyst reactive functional group and a cathodic corrosion 
inhibitor wherein the acid-catalyst reactive functional group retains its catalytic 
performance. 

10 In an alternate embodiment, the invention is wire or cable construction 

prepared by applying the polymeric composition over a wire or cable. 

In a yet another embodiment, the invention is an article of manufacture 
prepared by applying the polymeric composition over a metal substrate. The article of 
manufacture can be prepared by extrusion, compression molding, injection molding, 
15 blow molding, rotational molding, calendering, thermoforming, and casting. Other 
methods of preparing the article of manufacture would be readily apparent to a person 
skilled in the art. Those methods are considered within the scope of the invention. 

EXAMPLES 

The following non-limiting examples illustrate the invention. 
20 Metal Allov Corrosion Rate 

Figure 1 shows the corrosion rate in mils per year (MPY) of a variety of metal 
alloy types in an alkyl aromatic sulfonic acid available from King Industries as 
NACURE"^ B201 at four temperatures. The metal alloys tested include: 
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Designation 


Metal Alloy 


316SS 


Stainless Steel 


3003 


Aluminum 


2205 


Ehiplex Stainless Steel 


H-13 


Hardenable Tool Steel 


17-4ph 


Precipitate-Hardened Stainless Steel 


Zr 


Zirconium 


eNOOOl 


Electroless Nickel 


eNOOOOS 


Standard phosphate level Electroless Nickel 


Chrome 


Chrome-plated Steel 


Stellite 6 


Nickel Hardened Alloy 


Copper 


Copper 



The metal coupons were prepared from metal or alloy plates having a 
thickness of 0. 11 8 inches. The metal coupons were prepared by the cutting the plates 
to a length of 1 inch and a width of 0.625 inches. The actual dimensions of each 

5 coupon were measured to +/-0.001 inches. Each coupon was then (1) cleansed with 
soap and water, (2) degreased with acetone, and (3) weighed to +/-0.0001 grams. 

Next, the coupons were inserted into an Inconel ampoule, which was 
fabricated using a 2-inch long by 0.75-inch diameter pipe section, a top pipe cap, and 
a bottom pipe cap. A 2-inch long by 0.25-inch diameter tube was welded iato the top 

10 pipe cap with the free end of the tubing flattened and welded. An insulating coupon 
"chair" was fabricated from a button of Teflon™ fluoropolymer resin into which a 
0.125-inch groove was milled. The button was prepared such that the coupon would 
stand up and be immersed in the composition containing the corrosive reagent while 
the coupon did not touch the sides or bottom of the ampoule. 

IS Each ampoule was placed into a high-temperature oven at the desired 

evaluation temperature for a period of 7 days. The time period did not include the 
heat-up and cool-down times. After the ampoules were cooled following exposure, 
each ampoule was disassembled. 

Each coupon was again cleaned and degreased. Then, the coupon (with 

20 surface corrosion removed) was weighed to +/-0.0001 grams. The resulting weight 
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loss was determined as equivalent loss in thickness rate (MPY) and calculated using 
the following equation: 

[(Delta weight (grams)/Density (grams/cu-inch)) * 1000 (mils/inch)] 

Loss (MPY) = 

Surface area (sq-inch) * Exposure time (hours) * 8544 (hours/year) 

Comparative Example 1 and Examples 2-4: H13 Steel Metal Coup on 
The corrosive impact of an alkyl aromatic sulfonic acid in polymeric 
composition was determined using the same method as employed for metal alloy 
evaluation as described above with the evaluation temperature and time period being 
10 changed. For these examples, the alkyl aromatic sulfonic acid was also the previously 
described NACURE^'^ B201 available from King Industries. 

Each of the exemplified polymeric compositions was prepared with 46.15 
weight percent of AMPLIFY EAIOO™ ethylene ethylacrylate copolymer, 46.15 
weight percent of a linear low density polyethylene, 4.0 weight percent of Lowinox 
15 22IB46™ isobutylidene bis-(4,6-dimethylphenol), and 0.7 weight percent of oxalyl bis 
(benzyUdine hydrazide) ("OABITO- 

AMPLIFY EAIOO™ ethylene ethylacrylate copolymer is available from The 
Dow Chemical Company, having a melt index of 1.5 grams/10 minutes and 
ethylacrylate concentration of 15 weijght percent. The linear low density polyethylene 
20 was a copolymer of 1-butene and ethene, having a melt uidex of 0.7 grams/10 minutes 
and a density of 0.92 grams/cubic centimeter. Lowinox 22IB46™ isobutylidene bis- 
(4,6-dimethylphenol) is an antioxidant available from Great Lakes Chemicals 
Corporation. OABH is a metal deactivator available from Eastman Chemical 
Company. 

25 Each of the exemplified compositions also contained 3 weight percent of the 

alkyl aromatic sulfonic acid, which was non-doped or doped depending on which 
polymeric composition was exemplified. Comparative Example 1 used the non- 
doped sulfonic acid. Each of the doped sulfonic acidic polymeric compositions 
contained 10 parts per million (ppm) of an evaluated corrosion inhibitor. The 

30 corrosion inhibitor for Example 2 was Fomrez SUL-4™ dibutyl tin dilaurate 
("DBTDL") available from the Crompton Company. For Example 3, the corrosion 
inhibitor was tin sulfate from Aldrich Chemical Company. For Example 4, the 
corrosion inhibitor was A120™ antimony oxide available from HydroChem 
Laboraties, Inc. 
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Each of the metal coupons had an initial total area of 1.903 sq-inches. The 
metal coupons were placed in the polymeric composition at 140 degrees Celsius for a 
24-hour period. After the ampoules were cooled following closure to the polymeric 
composition, each ampoule was disassembled and the metal coupon was enwrapped 
with the then-solidified polymer. The coupon was recovered by breaking the polymer 
away fix>m the coupon's surface. Then the coupon was cleaned by immersing the 
coupon in an AllO-inhibited acid solution, washing the coupon, and 
degreasing/drying the coupon with acetone. After the surface corrosion was removed, 
each coupon was weighed. The metal coupons were weighed prior to and after 
placement in the polymeric composition to determine the corrosion rate in mils per 
year (MPY). 

The results are reported in Table 1 below. 



TABLE 1 





Comp. Ex. 1 


Example 2 


Example 3 


Example 4 


Corrosion Inhibitor 


None 


DBTDL 


Tin sulfate 


AT-120 


Initial Weight (g) 


10.5633 


10.6103 


10.5744 


10.7511 


Final Weight (g) 


10.5571 


10.6061 


10.5728 


10.7497 


Delta Weight (g) 


0.0062 


0.0042 


0.0016 


0.0014 


Conx)sion Rate (MPY) 


2.1187 


1.4352 


0.5468 


0.4784 
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